Exposure science is the bedrock for protection of public health. It fundamentally informs decisions that relate to smart and sustainable design, prevention and mitigation of adverse exposures, and ultimately health protection. 
BACKGROUND
There has recently been unprecedented convergence among leaders of several research agencies about the critical role of exposure science in public and environmental health protection. Many have incorporated key exposure considerations into visions and strategies for their agencies. The timing is ripe to harness this collective energy, mobilize resources, and innovate the field.
In describing his vision for science and research at the US Environmental Protection Agency (EPA), Paul Anastas, the EPA's science adviser, highlights innovation and prevention and supports promotion of a "safe by design" approach. This requires a seismic shift to viewing challenges in a systems-based way rather than chemical by chemical, air toxic by air toxic, or water contaminant by water contaminant (Anastas et al., 2010) .
Similarly, the National Institute for Occupational Safety and Health recently released Prevention Through Design: Plan for the National Initiative. These strategies for preventing work-related illnesses by designing occupational hazards out of work environments are important steps in addressing challenges posed by the changing nature of work. John Howard, director of the agency, notes that prevention through design is in many respects a "transformative concept" for the 21st century and that it "views investments in worker safety and health as an integral part of business efficiency and quality" (NIOSH, 2010) . This shift in the framework for design, manufacture, and management to address principles of sustainability requires holistic consideration of integrated environmental, economic, and social factors.
Linda Birnbaum, director of the National Institute of Environmental Health Sciences (NIEHS), recently made a compelling case for the need to increase the understanding of health impacts of low-level exposures to environmental stressors (Kang, 2010) . Emphasizing the institute's focus on public health and prevention, she highlighted the importance of considering the full complexity of the ways in which genetics, epigenetics, and environmental exposures combine to affect health at both the individual and the population level across the course of development and even across generations.
Despite the success in sequencing the human genome, underlying causes of common diseases remain elusive. It has become evident that elucidating these causes requires commensurate efforts to map markers of environmental exposures and their contribution to health and to the onset or exacerbation of disease. In February 2010, the National Academies of Science (NAS) organized a workshop, "The Exposome: A Powerful Approach for Evaluating Environmental Exposures and Their Influences on Human Disease, " to examine the concept of the exposome (Rappaport and Smith, 2010) and its importance for illuminating the etiology of human diseases. This concept involves accounting for the life course of environmental exposures from all sources, including lifestyle factors.
This trans-agency and transdiscipline call for an increase in relevant, high-quality exposure information demands a transformation in exposure science. Creative contributions from scientists with a wide range of expertise are required in order to fulfill the vision of understanding the life course of environmental exposure and to provide the evidence base for public health decisions regarding environmental health.
This Exposure Science Digest is sponsored by the International Society of Exposure Science (www.isesweb.org) in celebration of its 20th anniversary.
IMPACT AND IMPLICATIONS FOR EXPOSURE SCIENCE
Exposure science fundamentally informs decisions that relate to smart and sustainable design, prevention and mitigation of adverse exposures, and, ultimately, health protection. It shifts the focus of public health and clinical medicine from diagnosis and treatment to elucidation of cause and prevention. Some of the areas of critical need for exposure information to support the interdependent pillars of sustainability, prevention, and risk analysis are examined below.
Sustainability: Sustainable decisions and actions are those that improve the current health of individuals and communities without compromising the health and welfare of future generations. Such decisions are supported by comprehensive environmental assessments so that, for example, risk is not merely shifted from water to air or from one population to another. Exposure information is required to support this holistic approach to addressing emerging trends and strengthening public health policies.
• What exposure science is required to analyze linked social-environmental systems?
• How do global pressures on the environment and human health (e.g., development, population growth, climate change) impact the potential for exposures to chemical, physical, and biological agents? • What key exposure metrics are required to evaluate alternatives and ensure safe products and processes across their life cycles? Prevention: To shift focus from treating to protecting health and preventing disease, we require an advanced understanding of the roles of environmental factors in impairing health status and in the etiology of diseases. Environmental factors include the full spectrum of biological, physical, chemical, and psychosocial stressors. Innovation in exposure-measurement technologies is required to provide rapid, efficient, and effective methods for characterizing these environmental factors (exposures) at all levels of biological organization and to supplement traditional biomonitoring.
• Over the developmental time course, from conception through old age, what is the potential for disease and other adverse impacts from exposure to multiple stressors? • What key metrics are required to characterize critical aspects of these combinations of stressors, and how are these likely to interact and impact susceptibility and response? • What are the most effective ways to reduce adverse exposures? Risk analysis: Risk-based decision making calls for strong, science-based exposure analysis. Real-time exposure measurements integrated into public health and environmental-surveillance platforms will provide data critical to identifying, managing, and mitigating risks to susceptible and vulnerable groups. Reliable prediction of exposures in order to assess and prevent risks requires models grounded by measured data spanning the full range of environmental factors. These exposure-analysis tools are essential for understanding the current risks of our built, indoor, and workplace environments as well as the potential for risks from emerging technologies and products.
• How can emerging methods in molecular biology and advanced sensor technologies be developed to measure exposure?
• What are biologically relevant exposures?
• What exposure measurements and models are required to understand risks of built, indoor, and workplace environments?
• What is the potential for exposure to and risk from emerging technologies and products such as newly manufactured chemicals, engineered nanomaterials, and products of biotechnology? In light of high-visibility calls for dramatic innovation in exposure science, there is great potential for the NAS committee tasked with a major new study cosponsored by the EPA and the NIEHS-Human and Environmental Exposure Science in the 21st Centuryto provide the vision to guide research in our field.
Realizing the promise of exposure science to support public health requires a fundamental cultural shift toward the following:
• Transdiscipline collaborations that provide the linkages between exposure and health sciences • A suite of scientifically based tools and approaches to support public health decisions • Policy making based on holistic approaches • Commitment of resources to transdiscipline long-term research and training Together, the state of technology and our understanding of biology create fertile opportunities to revolutionize exposure science. This transformation is no longer an optional scientific luxury; rather, it is our obligation if we are to enhance the public health pillars to support the well-being of our children and future generations.
